N-((6-methylpyridin-2-yl)carbamothioyl)thiophene-2-carboxamide, C12H11N3OS2 (HL) and its Co(II), Ni(II) and Cu(II) complexes (ML2 type) have been synthesized and characterized by elemental analysis, FT-IR , 1 H-NMR and HR-MS methods. Moreover, HL was characterized by single crystal X-ray diffraction method. The HL crystallizes in the monoclinic crystal system with P 1 21/c 1 space group, Z=4, a=7.2326(8) Å, b=18.3492(16) Å, c=9.7724(9) Å. The [ML2] complex structures were optimized by using B97D/TZVP level. Molecular orbitals of HL ligand were calculated at the same level. Antioxidant activities of the complexes were determined via DPPH and ABTS assays. Anticancer activity of the complex was studied via MTT assay in MCF-7 breast cancer cells.
INTRODUCTION
Thiourea derivatives are important compounds due to their wide range of applications.
They have a long history as functional ligands in coordination chemistry and they coordinate to metals via both O and S atoms [1] . Benzoylthioureas have been reported as extractants for various valuable metals such as Ni, Co, Ag, Pd and Au [2] [3] [4] . In previous studies, metal complexes of benzoylthiourea derivatives were synthesized and their properties were reported [5] [6] [7] . It is known that thiourea derivatives show antibacterial, antifungal, antitubercular, antithyroid, and insecticidal properties [8] .
Therefore, this study is focused on the synthesis, characterization, and crystal structure were added and the resulting mixtures were stirred for 2 h. The resulting mixture was poured into HCl (0.1 N, 300 cm 3 ) solution and was filtered. The obtained solid product was washed with H2O and was purified by recrystallization from EtOH/CH2Cl2 [9] . 
MATERIAL and METHODS

Experimental
Computations
Computations were made by using G09 [11] program package. HOMO and LUMO orbitals of the ligands were computed as single point calculation using B97D/TZVP [12, 13] level on the X-ray structure. DOS (density of state) spectrum was obtained using Gaussian [14] program package. The proposed [ML2] complex structures were optimized using the same computational level. The optimized bond distances and angles were visualized by using CYLView [15] program package. Frequency calculations were also made to verify that optimized structures are stationary points (no imaginary frequency). 
RESULTS and DISCUSSION
H-NMR
X-Ray Crystallography
The single crystals suitable for X-ray diffraction analysis were grown from ethanol solutions. The structures were solved via direct methods and were refined on F 2 by full matrix least-squares using SHELXL 2013 [16] . All non-hydrogen atoms were refined via anisotropic displacement parameters. The molecular structure plots were obtained by using Mercury CSD 2.4 software [17] . The crystal and instrumental parameters were summarized in the supporting information. Molecular structure with the atom-numbering scheme of the HL is given in Figure 2 . Crystal data parameters of HL and some experimental parameters are given in the supplementary material file.
Packing scheme of the HL is given in Figure 3 . 
Figure 4
Orbital diagrams of the HL computed using B97D/TZVP level on the X-ray structure.
Complex Structure
The [ML2] (M: Ni, Co, Cu) structures were proposed based on the reported cis-bis(N,Ndimethyl-N'-2-chlorobenzoylthioureato)Ni(II) crystal structure [25] and were optimized by using B97D/TZVP computational level. 
Antioxidant and Antitumor Activity of the Complexes
In vitro antioxidant and antitumor properties of all complexes were studied in cell culture systems. The antioxidant activity of metal complexes was studied by using the DPPH and antitumor properties [31, 32] .
Electrochemical Behavior of the [CuL2]
The cyclic voltammetric (CV) studies were carried out to understand the electrochemical 
The slope of the relationships fit with the theoretically expected values for an ideal diffusion controlled reaction (0.5) [33] . The Cu(II) complexes could be studied because they are stable in this pH range. 
